Amendments to the Specification: 



Please replace the paragraph beginning at page 1, line 4, with the 
following rewritten paragraph: 

High speed electrographic engines preferably use roller transfer 
to move a toner image from th e photoconduotor or oth e r diolootrio imaging 
flurfao e charge retentive dielectric member, such as a photoconducton to the 
receiver, which is usually paper or transparency material. Corona wire devices 
are can also used for transferring toner, but the performance of corona transfer 
is inferior to that of roller transfer, particularly at high speeds. The transfer 
roller has is a conductive, elastomeric roller that is biased to a polarity 
opposite the toner polarity. During transfer, the front surface of the receiver is 
brought adjacent the toner image carried bv the photoconducton the roller 
contacts the back surface of the receiver, and the image is transferred to the 
front surface of the receiver by the electric field produced by the transfer 
roller. The area of contact of the transfer roller and the receiver is described as 
the transfer nip. 

Please replace the paragraph beginning at page 2, line 21 , with the 
following rewritten paragraph: 

The current source, roller, paper, toner and photoroooptor 
photoconduotor comprise a series electrical circuit. We believe that prior art 
techniques that increased current caused a breakdown in the capacitance 
between the roller and the photoreceptor photoconduotor . That electrical 
breakdown disturbed the toner image and causes mottle. In order to increase 
current, the voltage on the transfer roller power supply was increased. We 
suspect that the increased voltage applied to the roller was enough to 
breakdown the capacitance between the roller and the photoroooptor 
photoconduotor . Unless the problem could be solved, there would be an 
impediment to increasing the speed of the photocopy process. We tried and 
succeeded in solving the problem by reducing the resistivity of the transfer 
roller. We believe the reduced resistivity allows more charge to rapidly 
accumulate on the surface of the transfer roller without requiring a high 
voltage. 



Please replace the paragraph beginning at page 3, line 1, with the 
following rewritten paragraph: 

The invention provides a transfer method and apparatus that 
adjusts the resistivity of the transfer roller in accordance with the operating 
speed of the machine and of the transfer current. The invention is also a 
method of operating an electrographic machine by selecting the resistivity of 
its transfer roller as a function of the speed of the process, the required transfer 
current, and the dimensions of the transfer roller. In one embodiment the 
transfer roller has a resistivity ranging from L0E9 ± 0.5 Cl-cm to 0.65E9 ± 0.32 
Q-cm for a receiver travel speed of between 15-20 inches per second to 40 30-35 
inches per second. The corresponding currents are approximately 45 |aA at 1 5-20 
inches per second to approximately 85^lA at 30-35 inches per second. The 
method of the invention is used to operate an electrographic reproduction machine 
at a high speed. The method transfers toner from a toned image carrying member 
to a receiver sheet. The transfer roller receives a current that provides charge to 
the roller for transferring the toner from the toned image carrying member 
f phbtoconductor) to the receiver sheet. The roller is fashioned from any suitable 
material. The resistivity of the roller is adjusted to fall in a range of values 
dependent upon the operating speed of the machine. For speeds in the range of 
about 15-20 inches per second, the resistivity is chosen to be about 1.0E9 + 0.5 Q- 
cm with a current of approximately 45 (lA, —For higher speeds in the range of 
30-3540 inches per second, the resistivity is lowered to about 0.65E9 + 0.2 3 Q- 
cm and the current is increased to approximately 85 |xA. The values of resistivity 
and of current can be scaled to other speeds and roller dimensions by those 
experienced in the art. 

Please replace the paragraph beginning at page 4, line 2, with the 
following rewritten paragraph: 

Referring now to the accompanying drawings, FIG. 4 
schematically illustrates a typical reproduction apparatus 10, of the 
electrophotographic type, suitable for utilizing an exemplary roller transfer 
assembly such as shown and described in US. Pat. Nos. 6,097,913, and 5,101,238 
whose entire disclosures are incorporated by reference. The reproduction 



apparatus 10, described herein only to the extent necessary for a complete 
understanding of this invention, includes a photoconductor {charge member) 
retentive di e l e ctric m e mb e r photoconductor 12 that carries the toned, developed 
image. The dioloctric member photoconductor 12 is, for example, in the form of 
an elongated endless web mounted on support rollers and movable about a closed 
loop path through a series of electro electrographic process stations in the 
direction of the arrow A. 

Please replace the paragraph beginning at page 4, line 14, with the 
following rewritten paragraph: 

In the reproduction cycle for the reproduction apparatus 10, the 
moving charge sonsitive member photoconductor 12 is uniformly charged as it 
moves past a charging station 14. Thereafter the uniformly charged m e mb e r 
photoconductor 12 passes through an exposure station 16 where the uniform 
charge is altered to form a latent image charge pattem corresponding to 
information desired to be reproduced. Depending upon the characteristics of the 
charge m e mber photoconductor 1 2 and the overall reproduction system, formation 
of the latent image charge pattem may be accomplished by exposing the ohorgo 
m e mber photoconductor 12 to a reflected light image of an original document to 
be reproduced or '^vriting" on the member photoconductor 12 with a series of 
lamps (e.g., LED's or lasers) or point electrodes activated by electronically 
generated signals based on the desired information to be reproduced. The latent 
image charge pattem on the member photoconductor 12 is then brought into 
association with a development station 18 which applies pigmented marking 
(toner) particles to adhere to the member photoconductor 12 to develop that latent 
image. After development, if the charge member is a photoconductor, the image 
is erased by a lamp 19 adjacent the back side of the photoconductor, which 
minimizes the difference in voltage between areas of the photoconductor coated 
with toner particles and areas that are not coated with toner particles. Here the 
back side of the charge member photoconductor is the side that is not developed 
with particles. After erasure, the charge member photoconductor 12 is at a low 
voltage, such as OV to 50 V. Other means of producing a nearly uniform voltage 
on the charge member photoconductor 12 can be used, such as controlled light 
exposure to the front side of the charge member photoconductor 12 if the ohorgo 



member is a photo oonduotor , or corona charging the toner-bearing and non-toner 
bearing portions of the front side of the charg e m e mb e r photoconductor 12 . In 
this case, the voltage is approximately uniform and non-zero. The portion of the 
diolcctrio member photoconductor 12 carrying the developed image then passes 
by a supply hopper 22 along the path P. A receiver sheet 8 is withdraw from a 
hopper 22 and is registered with the developed image. An electric field produced 
in the transfer station 20 attracts the marking particle of the developed image from 
the diolootrio member photoconductor 12 to the receiver member. 

Please replace the paragraph beginning at page 5, line 12, with the 
following rewritten paragraph: 

The electric transfer field may also cause the receiver member 8 to 
adhere to the member photoconductor 1 2. Accordingly, a detach detack 
mechanism 24, immediately downstream in the direction of travel of the dielectric 
member photoconductor , is provided to facilitate removal of the receiver member 
from the dieleotrio m e mber photoconductor . The detach detack mechanism may 
be, for example, an AC corona charger for neutralizing the attractive field holding 
the receiver member to the dioloctric member photoconductor . After the 
developed image is transferred to the receiver member 8 and the receiver member 
8 is separated from the dioloctrio member photoconductor , the receiver member is 
transported through a fiising device 26 where the image is fixed to the receiver 
member 8 by heat and/or pressure for example, and delivered to an output hopper 
28 for operator retrieval. Simultaneously, the charge m e mber photoconductor 1 2 
is cleaned of any residual marking particles at cleaning station 30 and retumed to 
the charging station 1 4 for reuse. 

Please replace the paragraph beginning at page 5, line 32, with the 
following rewritten paragraph: 

This invention comprises an improvement in the transfer station, 
and, in particular, an improvement in the transfer roller. The new transfer 
roller has preferred resistivity ranges as a fiinction of process speed for and of 
the dimensions of the transfer roller so that the majority of required the charge 
is applied to the receiver in the nip, bias voltages are low, and pre-nip 
ionization and post-nip ionization are minimized. The transfer roller is shown 



in FIG. 1 . . Transfer roller 210 at transfer station 20 is shown connected to a 
voltage limited constant current source 204. The level of voltage and current 
is controlled by a central processing unit CPU 202. The roller 210 has an 
inner roller 212 of steel or other highly conductive material. The outer roller 
214 is a polyether-polyurethane composition. With the transfer roller 210 in 
operative association with the diolootrio support photoconductor 12 (i.e., nip 
relation), ionization current is divided between the pre-nip and post-nip regions. 
Charge can also be injected in the nip region if the surface of the transfer roller is 
rough. Under normal operating conditions, virtually all of the ionization occurs in 
the post-nip region 220 for effective transfer of the marking particle developed 
image from the diolectric support photoconductor 12 to the receiver member 8. A 
small amount of pre-nip ionization can be tolerated but must be regulated to 
prevent image transfer defects. For the preferred resistivity range, most of the 
transfer current is applied within the nip and at the trail edge of the nip. One side 
of receiver sheet 8 contacts the transfer roller 210. The other side of the 
receiver sheet 8 contacts the toned image on the diolootrio member 
photoconductor 12. The charge on the back of the receiver sheet attracts the 
toner from diolootrio aupport mombor photoconductor 12 to the receiver sheet 
8. The charged receiver sheet retains the toner and the sheet 8 is sent to the 
fiiser where the image is fixed to the sheet 8. 

Please replace the paragraph beginning at page 6, line 25, with the 
following rewritten paragraph: 

The transfer roller 210 used in the Digisource 9110 has an outside 
diameter of 1 .000" on a conductive shaft of diameter 0.500", resulting in an 
elastomer thickness of 0,25". The nip width is approximately 0.125". The 1 " 
diameter elastomer section of the roller is 14.5 inches long. At 1 10 PPM or 17.5 
ips, rollers with nominal resistivity on the order of 1 .0 x 10E9 ohm-cm are 
used with current of approximately 45 mi croamps for toner with charge-to- 
mass-ratio of approximately -30 |iC/g at toner coverage per unit area of 
approximately 12 g/m^ For a transfer roller approximately 14.5 inches in 
length, a surface charge density of approximately 2.75 x lOE-4 C/m^ is applied 
to the receiver. . Experiments showed that adjusting transfer current 
proportionally with speed, good acceptable results were obtained with a 



nominal roller at 150 PPM (pages per minute) with current at approximately 
60 microamps using toner with charge of approximately -30 |iuC/g. However, 
at 210 PPM or 33.4 ips, with transfer current increased proportionally to 
approximately 80 microamps, increased mottle was observed in solid areas of 
high density. As such, increasing the current does not solve the problem of 
toner transfer at high speed. However, we found that at the speed of 210 PPM 
a roller with resistivity of 0.62 x 10E9 ohm-cm resulted in good results (low 
mottle) at currents of 60 to 80 |iA. Figure FIG. 2 shows a preliminary plot of 
recommended roller resistivity vs. process speed. Voltages Supply voltages 
and current for the two rollers are shown in Table 1 and Figure FIG. 3. 
Calculated surface voltages at the nip for the rollers are shown in Table 2. 

Please replace the paragraph beginning at page 8, line 21, with the 
following rewritten paragraph: 

If a roller with resistivity suitable for lower speeds is used for 
operation at higher speeds, the supply voltage must be increased. Because the 
receiver sheet spends less time in the transfer nip, the transfer station has to 
supply more charge to the transfer roller to transfer the toner. In the prior art, the 
added charge was supplied by increasing the supply voltage. This can result in 
high surface voltages on the roller that can produce image defects. Lower roller 
resistivities are preferred so that lower supply voltages can be used for the 
appropriate currents, with the result that the potential on the roller surface before 
entering the transfer nip and after exiting the transfer nip is small enough in 
magnitude that electric breakdown is minimized. At 760 torr atmospheric 
pressure, a surface potential less than 350 V, and preferably less than 300 V, is 
required to minimize breakdown to adjacent surfaces. Depending on the 
configuration of the system reproduction apparatus 10, the surface potential of the 
roller can be referenced to ground potiential, the potential of the surface of the 
charg e m e mb e r photoconducton or the potential of the adjacent surface of the 
receiver. For the case of rear erase with lamp 1 9, the surface potential of the 
transfer roller can be referenced to ground. The voltages at which breakdown 
occurs are well know in the art. 



Please replace the paragraph beginning at page 9, line 7, with the 
following rewritten paragraph: 

The preferred resistivity is of course dependent on roller 
dimensions. The transfer roller 210 used in the Digisource 9110 has an outside 
diameter of 1 .000" on a conductive shaft of diameter 0.500", resulting in an 
elastomer thickness of 0.25". At 17.5 ips process speed, the time of approach is 
0.045 sec, and at 33.4 ips, the time of approach is 0.024 sec. Rollers with thicker 
elastomeric layers require proportionally lower resistivity for the same kind of 
approach. 

Please replace the paragraph beginning at page 9, line 14, with the 
following rewritten paragraph: 

The voltage on the roller surface at the nip can be estimated as 
follows. As the roller rotates, the region of the roller approaching contact with the 
receiver begins to conduct before that portion of the roller actually contacts the 
receiver between the initiation of conduction in a region of the roller 
approaching the nip and peissage of that region through the nip. F, the time of 
approach is approximately the time for that point to rotate through the nip 
half the roller diameter from the exit side of the nip. This distance is the length 
of approach. At 17.5 ips process speed with a 1" diameter roller, the time of 
approach is 0.029 sec, and at 33.4 ips, the time of approach is 0.015 sec. For 
different geometries, such as transfer belts and wider nips, a similar time of 
approach and corresponding length of approach can be estimated. 

Please replace the paragraph beginning at page 1 1 , line 1 7, with 
the following rewritten paragraph: 

where I is current in amps, p is resistivity in ohm-cm, / is blanket 
thickness in cm, approach length is in cm, L is the length of the elastomer on the 
roller in cm, voltage is measured in volts, resistance is measured in ohms, and 
Vsreak is the approximate breakdown voltage, here taken to be approximately 300 
V or 350 V in magnitude. The roller surface at the nip entrance or nip exit should 
be within 350 V and preferably within 300 V of the receiver surface voltage, or of 
the photoconductor surface voltage, or of ground. Both Vc and Rjot depend on p 
and receiver parameters. The values of p satisfying these equations are best 
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determined by experimentation and iteration. •:— Longer rollers require greater 
current. Resistivity should be chosen so that Vsurface is large enough to drive 
current flow to the receiver, but Vsurface referenced to adjacent surfaces should not 
exceed Vereaic The transfer roller generally operates at high surface voltages near 
breakdown. If Vsuppiy is greater than VBreak and p is too low, pre-nip ionization 
can occur at a level that creates image defects. In this case, the time of approach 
or the length of approach should be decreased by geometry changes, RApproach 
should be increased by geometry changes or other means, or p should be 
increased. The resistivity p must be within the limits of this disclosure. The 
foregoing can be applied by those versed in the art to rollers, belts, or other 
configurations having a time of approach or a length of approach. 

Please replace the paragraph beginning at page 13, line 5, with the 
following revmtten paragraph: 

For transfer rollers, the length corresponds to the thickness of the 
elastomeric sleeve and the cross-sectional area corresponds to portion of the 
surface area of the elastomeric sleeve where current flows between the transfer 
roller and the photor e c e ptor photoconductor . Thus, longer rollers will have less 
resistance than short rollers because they have a larger cross-sectional area for 
current to travel over and rollCTS with thin elastomeric sleeves will have less 
resistance than roller with thicker sleeves because the length of the current path is 
shorter. For high speed processes, the invention lets the manufacturer select a 
transfer roller with a chosen resistivity that optimizes toner transfer at the high 
speed. 



